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A Comparison of the Response Topography of Steady- 
State versus Transient VERPs to Global Form and 
Motion 
Sophia Gray 
Neurons in area VI are responsible for visual processing of the local properties of visual array 
while the lager receptive fields of extra-striate visual areas such as V4 and V.5 serve to process global 
representations. In adults, transitions in global coherence of both form and motion yield reliable visual 
event-related potentials (VERPs) with scalp distributions that are topographically distinct. Ten adult 
students at UCL participated in the current VERP study, which compared steady-state stimuli, which have 
rapid transitions between coherent and incoherent states, to transient stimuli, which have longer intervals 
between transitions, for both form and motion. Analysis of VERP responses determined that the overall 
topography is the same for both states implying that the two modes of stimulation activate the same corti-
cal areas. This discovery will be helpful in future fMRI studies examining extrastriate global processing. 
Visual response topography is a product of the 
organization of the visual system and how it processes 
information. Hierarchal processing and functional 
specialization are key principles for understanding the 
multiplicity of visual areas (Grill-Spector & Malach, 
2004). According to research by DeYoe and Van 
Essen (1988) hierarchal processing describes visual 
perception as being achieved in a gradual stagewise 
process in which information is first represented in a 
localized, simple form and transforms through a succes-
sion of processes into more abstract, holistic and 
multimodal representations (Grill-Spector & Malach, 
2004). The simple outline of the visual system divide-g-
into two categories for processing information input: the  
ventral and the dorsal streams. According to 
Ungerleider and Mishkin (1982) the ventral stream 
passes from the primary visual cortex (V1) to the 
inferior temporal lobe while the dorsal stream passes 
from V1 to the posterior parietal lobe (Goodale & 
Milner, 2006). The debate over each stream's particu-
lar function was examined by Mel Goodale and David 
Milner (2006) who propose that labeling the ventral and 
dorsal streams 'what versus how' respectively would 
be an apt description of the division of labor between 
the two. They propose that the ventral stream is 
`vision for perception,' providing abstract representa-
tions of the visual world, which supplements not only 
our immediate visual experience but can be stored for 
future visual reference, providing a visual memory and 
shape-recognition system. In contrast, they propose 
that the dorsal system is 'vision for action,' acting in 
real time guiding the programming and unfolding of 
actions at the instant they are made, enabling smooth 
and effective movements, a sort of streamlined cir-
cuitry. Neurons in area V1 are responsible for the 
visual processing of the local properties of visual array, 
for example contour orientation and visual direction 
(Braddick, O'Brien, Wattam-Bell & Turner, 2000). 
Perceptual functions require the integration of this local 
information into representations of more global struc-
tures and properties. The larger receptive fields of 
extra-striate visual areas, such as V4 and V5 combine 
the outputs of many V1 neurons, and thus serve to 
process global representations. Global motion process-
ing as a function of extrastriate dorsal stream can be 
compared to global form processing as a function of the 
ventral stream (Braddick, Atkinson, Wattam-Bell, 
2003). 
Global motion processing can be tested with 
motion coherence thresholds: the proportion of coher-
ently moving dots required for detecting the global 
direction (Braddick et al., 2003). Neurons activated by 
motion coherence have been found in the dorsal stream 
areas V5 and V3A (Braddick et al., 2003). Global 
form processing can be tested with form coherence 
thresholds: subjects detect the organization of short line 
segments into concentric circles, while 'noise' is 
introduced by randomizing the orientation of a propor-
tion of the line segments (Braddick et al., 2003). 
Neurons responding to concentric organization have 
been reported in the ventral stream area V4 of 
macaques (Gallant, Braun & Van Essen, 1993), an 
extrastriate area similar to V5 in the dorsal stream 
(Braddick et al., 2003). 
The visual processing of form and motion, 
however, do not divide simply along the lines of the 
dorsal and ventral streams. Braddick et al. (2000) in 
an fMRI study found that extrastriate areas activated 
by global processing of form and motion coherence are 
almost completely non-overlapping. The study further 
found that although form and motion each activate 
anatomically distinct circuits, both circuits involve parts  
of both the temporal and parietal lobes, so neither can 
be categorized as completely dorsal or ventral 
(Braddick et al., 2003). 
In adults, transitions in global coherence of 
both form and motion yield reliable visual event-related 
potentials (VERPs). The scalp distributions for form 
and motion are topographically distinct, with motion 
coherence yielding a signal concentrated close to the 
posterior midline while form coherence has a more 
lateral posterior focus (Wattam-Bell et al., 2010). This 
implies again that global form and motion stimuli 
activate distinct cortical areas, in agreement with fMRI 
results discussed earlier by Braddick et al. (2000). 
The VERP study described above used steady-
state stimuli with rapid transitions between coherent 
and incoherent states. This allows short testing ses-
sions (ideal for developmental studies), but at the 
expense of losing detailed information about the timing 
of responses. Timing information is preserved in 
transient VERPs, elicited by stimuli with longer inter-
vals between transitions, and therefore will be ideal for 
future fMRI studies. Verification is needed however to 
confirm that the two types of testing activate similar 
cortical areas. 
The current study compares steady-state and 
transient form and motion VERPs to determine a) 
whether the overall topography is the same, implying 
that the two modes of stimulation activate the same 
cortical areas, and (b) whether, in the transient VERP, 
components at different latencies have distinct topogra-
phies, implying an orderly sequence of activation of the 
cortical areas involved. 
Methods 
Participants 
The ten participants were UCL students tested 
in the Visual Development Unit at UCL, six of whom 
were tested by myself, four of whom were tested by 
another UCL student, Shelia Moazzami. There were 
three males and seven females, all of whom were 
screened for visual problems through a questionnaire 
given beforehand and found to be in good visual health. 
The participants either had normal or corrected to 
normal vision. It was a within-subject design, as each 
subject was exposed to both conditions. It is a well- 
established, safe procedure and we acquired informed 
consent from each of the participants. 
Stimuli 
The software used is on a PC in Matlab, using 
the Psychophysics Toolbox to generate the stimuli 
(Brainard, 1997; Pelli, 1997). Patterns were viewed at 
a distance of 50 cm from the computer screen and 
subtended 37.4° x 20.5°. Each from in the motion 
stimuli contained 2000 white dots, each with a 6 pixel 
diameter (0.23° visual angle) plotted on a dark back-
ground. Displacement between frames gave a speed 
of 6.8 deg/sec. Following an 8-frame lifetime, each dot 
was replotted in a fresh random location on the screen. 
Lifetimes were asynchronous, so that in any frame 1/8 
of the dots were randomly repositioned. Linear speed 
was uniform and independent of screen location, so the 
coherent movement did not correspond to rigid rotation 
but had a non-rigid swirling appearance. In the form 
stimuli, the dots in a single arc were plotted together in 
the same frame and remained constant between 
transitions, giving arcs of an average length 0.46 deg. 
The start points of the arcs or motion trajectories were 
randomly distributed over the display area. 
In the stimuli, coherence is defined by concen-
tric arcs, which have a common center (Wattam-Bell et 
al., 2010). The global form stimulus consists of an 
array of short arcs, which switch between random 
orientations (incoherent) and a global circular pattern 
(coherent) — see Figure 1. In the analogous global 
motion stimulus, dots move along similar short arcs, 
alternating between global rotation and random direc-
tions. It is ideal in comparing responses to global form 
and motion for the stimulus sequences to be as similar 
as possible, (Wattam-Bell et al., 2010). This allows 
certainty that the difference in cortical response is due 
to the presence of the form or motion stimulus alone. 
In these stimuli, there are two types of transi-
tion: incoherent-to-coherent (coherence onset) and 
coherent-to-incoherent (coherent offset). Any asymme-
try in the responses to these transitions must reflect the 
differences in global processing between the onset and 
offset of coherent organization. For the transient 
condition subjects viewed on a computer screen a 
pattern that switched at randomized intervals of 1.2 
seconds to 1.5 seconds between 100 percent coher-
ence and 0 percent coherence for both form and 
motion. In the transient condition subjects also held a 
computer mouse and were asked to click when the 
background of the stimuli changed colors, to ensure 
alertness. In the steady state, the stimulus sequence 
alternated between coherent and incoherent phases 
lasting 250 milliseconds each. 
To compare the transient condition to the 
steady-state condition involves analyzing the brain's 
responses to a visual event, which in this case is the 
transition from coherence to incoherence or incoher-
ence to coherence. A visual event will evoke a com-
plex response for an extended period of time after its 
occurrence. Transient VERPs are sufficiently well 
separated so that there is time for their responses to 
have died down, meaning that they will not overlap. 
The steady-state has rapid switches between 
coherence and incoherence, so that the periodic 
stimulus produces a rapid, periodic response, meaning 
that responses in the steady-state will heavily overlap. 
It is essentially a compiled version of transient re-
sponses. One event will be followed shortly by a 
second event, whose response will be added to the 
response of the first event and so on. The original 
transient response is only a finite length, adding a 
response to the last five or six events only, reaching a 
steady-state of overlapping responses adding together 
which becomes quite stereotyped. 
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Figure I. Form stimulus. Images of the form stimulus alternating between 100_percent coherence and 0 percent 
coherence with the arcs randomly oriented. 
This periodic waveform can be broken down 
into frequency components that can be analyzed 
separately to pick out components that are significant 
to the study. The local symmetric responses are more 
or less the same in each transition, which is reflected in 
the even harmonics, while the global asymmetric 
response is reflected in the odd harmonics. 
After the steady-state and transient VERPs 
have been recorded, they are analyzed as a group by 
the global dissimilarly statistic or DISS technique 
(Murray, Brunet & Michel, 2008). This technique 
elucidates statistically significant differences between 
the VERPs of each stimulus on the subjects as a group. 
VERP Recording 
A high-density 128-electrode HydroGel Geode-
sic Sensor Net was used to record visual, event-related 
signals over the adult head. The vertex electrode 
served as a reference. The EEG signals were re-
corded using the EGI 300 system (Electrical Geodesics 
Inc, Eugene, Oregon). Using a tape measure to first 
measure the circumference of the participant's head, 
an appropriately sized net was selected. Electrode 
pads were soaked in a warmed 0.15M KC1 solution in 
preparation for the experiment. A rostral-caudal 
central point on the scalp midline was identified and 
then the net was fitted onto the participant's head so 
that the central reference electrode was matched to the 
central point. Electrode impedances were measured by 
the system at 20 Hz and pipettes filled with the soaking 
solution and baby shampoo to improve conductance 
between the scalp and the electrodes if necessary. 
Each transient run is 5.3 minutes long. There were two 
runs of form and two runs of motion, lasting about 20 
minutes total. The steady-state run had form and 
motion interleaved in 10-second blocks for a total of 10 
blocks each, lasting about 200 seconds. The overall 
sequence was one run reach of transient form and 
motion with the order randomized, followed by the 




We used EGI nets with 122 sensors excluding 
seven intended for EOG recording that were not 
analyzed. The computer received 250 samples per  
second that are already low-pass filtered (20 Hz, 12dB/ 
octave). Channels were eliminated with a signal whose 
standard deviation exceeded 800 microvolts. Large 
peaks (defined as greater than 200 microvolt excur-
sions) in each epoch were excluded from the data set. 
Any channel that had more than 30 epochs containing 
artifacts was excluded from analysis completely. 
Steady-State VERP 
Steady-state voltages were analyzed after 
channel voltages were divided into 0.5 second epochs 
and their values were shifted so that their time-product 
integral was zero and thus prepared for Fourier analy-
sis. Fourier coefficients at the stimulus frequency F1: 
2Hz for each epoch were then determined. The 
Fourier analysis coefficients' statistical significance (p 
< 0.05) are tested by the t2circ test (Victor & Mast, 
1991), adjusted for multiple tests. The t2circ data was 
interpolated onto a square mesh that yields a statistical 
map indicating the relative strength of the individual 
steady-state response as a function of position on the 
brain. 
Transient VERP 
For the transient VERP, an epoch ranges from 
the time 200 milliseconds before a transition to 800 
milliseconds after a transition. The epochs from each 
electrode are sorted into coherence onset vs. offset 
categories, averaged across subjects and finally are 
viewed as a group, essentially showing the group 
average global response. After this, a time point was 
selected from the graph where a large response was 
seen. The offset time value is subtracted from the 
onset time value for each electrode, providing a single 
number required for the t-test. Then the t-test is done 
across electrodes, where global components equaled 
components with statistically significant difference (p < 
0.05) in amplitude following coherence onset versus 
offset. The components are then plotted on a topo-
graphical map, which displays the statistically signifi-
cant response as a function of position. 
Group Analysis 
The global dissimilarity statistic DISS technique 
(Murray et al., 2008) was used in a non-parametric 
randomization test to distinguish statistically significant 
differences (p < 0.05) between the VERPs of the 
subjects as a group under differing stimuli. The group 
analysis of response topographies is based on DISS 
with normalized response amplitude as the dependent 
variables and stimulus mode (steady state versus 
transient) as the within-subject factor. Normalization 
eliminates overall amplitude differences, ensuring that 
the DISS is specifically sensitive to topographic differ-
ences. 
Topographical Maps 
These are 2D projected maps of the scalp 
distribution of the T2circ statistic (Victor & Mast, 
1991) for the (up to) 200 epochs of each individual's 
global (F1) response component, interpolated on a fine 
Cartesian grid and mapped onto different colors. The 
plotted values are thresholded — set to zero (and thus 
plotted in green) for p-values > 0.05 corrected for false 
discovery rate. In these topographic maps, the view is 
from above, with the front of the head at the top of the 
map, as indicated by the cartoon head. The dots 
represent electrode positions; positions below the head 
centre are projected to the 'skirt' outside the cartoon 
head. These plots were generated with a locally 
modified version of the EEGLAB toolbox (Brainard, 
1997; Pelli, 1997). 
Results 
Steady State VERP 
The steady-state VERP topographical maps 
shown of form and motion responses are a result of the 
Fourier analysis and following statistical significance 
tests described in the analysis section— see Figure 2. 
Transient VERP 
In the transient VERP the response vs. time 
was plotted — see Figures 4 and 6, and the time of 
maximum response was recorded and used for picking 
values of maximum amplitude. This difference was 
interpolated onto a square mesh and plotted as a 
statistical map of individual responses to the transient 
mode of stimulation. 
For transient motion responses we took all the 
individual results and constructed the average group 
pattern. A noticeable response was shown starting at 
.2236 and ending at .26 — see Figure 5. For transient 
form we chose two different time intervals (.21, .23) 
and (.31, .33) seconds after stimulus at each peak  
response — see Figure 6, and plotted their respective 
amplitude topographical maps — see Figure 7. 
Because two different time points were being 
used for transient form, (.21, .23) and (.31, .33) we 
compared the time points to see if they were signifi-
cantly different from each other — see Figure 8. 
Comparing the topographical maps at the 
different time points produced value of DISS=0.47 and 
a p-value of p=0.5367 which is greater than p=0.05, so 
the transient form time points at (.21, .23) and (.31, .33) 
are not significantly different from each other. This 
suggests that the global response is similar and there-
fore somewhat representative of the response over 
time. 
Then transient form at the first time point (.21, 
.23) was compared to transient motion at (.22, .26) to 
see if the two were significantly different — see Figure 
9. This comparison produced a value DISS=1.06 and a 
p-value of p=0.0127 which is less than p=0.05, showing 
transient form at the first time point (.21, .23) to be 
significantly different from transient motion at (.22, 
.26). 
Transient form at the second time point (.31, 
.33) was compared to transient motion at (.22, .26) to 
ensure that form was significantly different from 
motion at this time point as well — see Figure 10. This 
comparison produced a value of DISS=1.09 and a p-
value of p=0.0401 which is less than p=0.05, showing 
transient form at the second time point (.31, .33) to be 
significantly different from transient motion at (.22, 
.26). 
Comparing transient motion at (.22, .26) to 
steady-state motion, the topographical maps clearly 
show that there is little difference in response between 
the two — see Figure 11. This comparison produced a 
value of DISS=0.48 and a p-value of p=0.7634 which is 
greater than p=0.05, therefore transient versus steady-
state motion are not significantly different from each 
other. 
Comparing transient form at the first time point 
(.21, .23) to steady-state form, the topographical maps 
clearly show that there is little difference in response 
between the two — see Figure 12. This comparison 
produced a value of DISS=0.42 and a p-value of 
p=0.7634 which is greater than p=0.05, therefore 
transient form at the first time point (.21, .23) is not 
significantly different from steady-state form. 
Comparing transient form at the second time 
point (.31, .33) to steady-state form, the topographical 
maps clearly show that there is little difference in the 
response between the two — see Figure 13. This 
comparison produced a value of DISS=0.67 and a p-
value of p=0.1457 which is greater than p=0.05, 
therefore transient form at the second time point (.31, 
.33) is not significantly different from steady-state 
form. 
Discussion 
In the previous VERP study done by Wattam-
Bell et al. (2010) using the steady-state mode of 
stimulation to discern the cortical areas of activation for 
form and motion, it was determined that the signal 
distributions for form and motion are topographically 
distinct. Motion coherence yields a signal concentrated 
close to the posterior midline and form coherence has a 
more lateral posterior focus. This study mirrors these 
results for the steady-state stimulation and shows the 
transient stimulation as presenting a similar topography. 
The conclusion formed from this data is that although 
the averaged responses are not entirely identical, the 
overall topography comparing transient to steady-state 
motion and transient to steady-state form is similar 
enough to assume that the two modes of stimulation 
activate the same cortical areas. Since there were no 
significantly different transient components at different 
latencies, there is no reason to think that the transient 
state gives finer-grain information than the steady-
state. 
The primary visual cortex V1 processes local 
pattern information (contour orientation) while complex 
representations in the occipito-temporal pathway can 
be used to identify objects, but investigating the pro-
cesses by which the brain transforms low level repre-
sentations into high level global representations is an 
important area of research to continue (Aspell, 
Wattam-Bell & Braddick, 2006). The larger receptive 
fields of extrastriate visual areas such as V4, V5 and 
V3/V3A show sensitivity to features of global stimulus 
organization with area V4 (sensitive to global form) 
routing information to the ventral cortical stream and 
V5 (sensitive to global motion) routing information to to  
the dorsal cortical stream (Wattam-Bell et al., 2010). 
The transient and steady-state methods operate off of 
the principle that a concentric structure at a coherent 
threshold is processed at a relatively global level 
(Aspell et al., 2006). This means that transient and 
steady-state state testing can be used in future studies 
understand the organization of extrastriate global 
processing in the human brain. 
The rapid transitions between coherent and 
incoherent states using steady-state stimuli provided 
ideally quick testing sessions for a developmental study 
(Wattam-Bell et al., 2010) where most of the 
participant's attention spans were likely short. Unfortu-
nately, detailed information was lost about the timing of 
the responses. The transient state with its longer 
intervals between transitions between coherent and 
incoherent states provides a good solution for preserv-
ing information in adult VERP studies. The next step 
for future testing will be to use transient state testing 
for fMRI studies where slower switches will also be 
optimal for preserving information. 
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(a) (b) 
Figure 2. Steady-state form and steady-state motion. (a) The first topographical map shows an image of the VERP group 
response to steady-state form. (b) The second topographical map shows an image of the VERP group response to steady-
state motion. 
(a) 
Figure 3. Steady-state form versus steady steady-state motion. (a) The topographical map of the VERP group response to 
steady slate form. (b) The topographical map of the VERP group response to steady-state motion. (c) The difference 
between the two 
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Figure 6. The transient form amplitude versus time plot. (a) The plot shows the coordinated form stimuli occurring 
at 
Figure 7. Topographical maps of transient form at selected time points. (b) The topographical map of the amplitude 
oft between .21 and .23 for transient form. (c) The topographical map of the amplitude oft between .31 and .33 for 
transient form. 
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(a) 
Figure 8. Topographical maps of transient form between selected time points. (a) The topographical map of form 
between (.21, .23). (b) The topographical map of the form between (.31, .33). (c) The difference between the topographi-
cal maps. 
Figure 9. Topographical maps of transient form at (.21, .23) versus motion. (a) The topographical map of transient form 
between (.21, .23). (b) The topographical map of transient motion between (.22, .26). (c) The difference between the 
topographical maps. 
Figure 10. Topographical maps of transient form at (.31, .33) versus motion. (a) The topographical map transient form 
between (.31, .33). (b) The topographical map of transient motion between (.22, .26). (c) The difference between the 
topographical maps. 
